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Responses to Reciprocal Recurrent Selection in BSSS and BSCB1 Maize
Populations
Abstract
Improvement of germplasm as a parental source for developing inbreds has been an important part of most
maize (Zea mays L.) breeding programs. Reciprocal recurrent selection is a cyclical breeding procedure
designed to improve the interpopulation cross of two base populations. The objective of this study was to
evaluate the direct and indirect responses of 11 cycles of reciprocal recurrent selection in the BSSS(R) (Iowa
Stiff Stalk Synthetic) and BSCB1(R) (Iowa Corn Borer Synthethic no. 1) maize populations. The populations
per se, populations per se selfed, interpopulation crosses, and interpopulation crosses selfed corresponding to
C0, C4, C7, C8, C9, C10, and C11 of the populations were evaluated. Testcrosses of the original and
advanced cycles of the populations per se with inbreds B73 and Mo17 and with BSSS(R)C0 and
BSCB1(R)C0 also were evaluated in the study. Response in grain yield of the BSSS(R) × BSCB1(R)
interpopulation cross was 6.95% (or 0.28 Mg ha-1) cycle-1. Grain yield of BSCB1(R) increased 1.94% (or 0.06
Mg ha-1) cycle-1, but grain yield of BSSS(R) did not change significantly. Midparent heterosis of the
interpopulation cross increased from 25.44 to 76.04% from C0 to C11. Inbreeding depression in the
population crosses increased from 1.01 to 2.32 Mg ha-1 after 11 cycles of selection. The frequency of
heterozygotes for grain yield in the population crosses seems to have increased with cycles of selection.
Testcrosses to the C0 populations and the inbreds showed linear increases in grain yield, indicating that
selection Improved general and specific combining ability of the populations. Selection was effective in
reducing root and stalk lodging. No changes in grain moisture were observed. changes in other agronomic
traits were in the desired direction.
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Responses to Reciprocal Recurrent Selection in BSSS and BSCBI
Maize Populations
Vichien Keeratinijakal and Kendall R. Lamkey*
ABSTRACT
Improvement of germplasm as a parental source for developing
inbreds has been an important part of most maize (Zea mays L.)
breeding programs. Reciprocal recurrent selection is a cyclical breed-
ing procedure designed to improve the interpopulation cross of two
base populations. The objective of this study was to evaluate the direct
and indirect responses of 11 cycles of reciprocal recurrent selection
in the BSSS(R) (Iowa Stiff Stalk Synthetic) and BSCBI(R) (Iowa 
Borer Syntbethic no. 1) maize populations. The populations per se,
populations per se selfed, interpopulation crosses, and interpopulation
crosses selfed corresponding to CO, C4, C7, C8, C9, CI0, and Cll of
the populations were evaluated. Testcrosses of the original and ad-
vanced cycles of the populations per se with inbreds B73 and Mo17
and with BSSS(R)C0 and BSCBI(R)C0 also were evaluated in 
study. Response in grain yield of the BSSS(R) x BSCBI(R) inter-
population cross was 6.95% (or 0.28 Mg ha-~) cycle-~. Grain yield
of BSCBI(R) increased 1.94% (or 0.06 Mg -~) cycle-~, but gr ain
yield of BSSS(R) did not change significantly. Midparent heterosis of
the interpopulation cross increased from 25.44 to 76.04% from CO to
CI1. Inbreeding depression in the population crosses increased from
1.01 to 2.32 Mg ha-~ after 11 cycles of selection. The frequency of
beterozygotes for grain yield in the population crosses seems to have
increased with cycles of selection. Testcrosses to the CO populations
and the inbreds showed linear increases in grain yield, indicating that
selection improved general and specific combining ability of the pop-
ulations. Selection was effective in reducing root and stalk lodging.
No changes in grain moisture were observed. Changes in other ag-
ronomic traits were in the desired direction.
RECIPROCAL RECURRENT SELECTION was originallyproposed by Comstock et al. (1949) to improve the
cross between two populations by exploiting both addi-
tive and nonadditive genetic effects. Improvement of the
cross by complementary improvement in two parental
populations is a logical approach for maize breeding pro-
grams in which hybrids are the ultimate goal (Hallauer,
1987).
Reciprocal recurrent selection has been conducted by
the Cooperative Federal-State maize breeding program
in Iowa since 1949 with two synthetic cultivars, BSSS
and BSCB1. Several studies (Penny and Eberhart, 1971;
Eberhart et al., 1973; Martin and Hallauer, 1980; Smith,
1983; Helms et al., 1989) with these populations have
shown that RRS has improved the population cross (di-
rect response). The responses to selection in the popu-
lations per se, however, have been inconsistent.
Our objective was to determine the response to 11
cycles of RRS in BSSS and BSCB1 by evaluating pop-
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ulation cross performance (direct response), parental
population per se performance (indirect response), and
performance of crosses of cycles with testers from the
same and opposite heterotic groups.
MATERIALS AND METHODS
Genetic Materials and Selection Procedures
BSSS was developed by intercrossing 16 lines selected for
good stalk quality (Sprague, 1046). BSCB1 was synthesized
from 12 lines with resistance to whorl-leaf feeding by the Eu-
ropean corn borer (Ostrinia nubilalis Hiibncr) (Hallauer et al.,
1974). The details of the RRS procedure through Cycle 5 (des-
ignated C5) were described by Penny and Eberhart (1971).
Several changes have been made in the selection program since
its initiation in 1949. After C5, individual $1 plants rather than
So plants were used to make the half-sib progenies, and selec-
tion of superior progenies was based on machine-harvested
rather than hand-harvested grain yield. Beginning with C8, 20
rather than 10 selected $1 progenies per population were in-
termated to form the next cycle. The selection method was
changed from half-sib to full-sib RRS in C10. Because the
populations are not predominantly two-eared, S~ lines were
used to produce the reciprocal full-sib progenies. The proce-
dure was to self a selected plant in a $1 progeny row of BSSS(R)
and cross it to four plants in a S~ progeny row of BSCBI(R).
A selected plant in the BSCBI(R) row was then selfed and
crossed to four plants in the BSSS(R) row that was previously
used as a male. The eight cross-pollinated ears were harvested
and shelled in bulk to represent a reciprocal full-sib family.
Approximately 100 testcrosses were evaluated each cycle, ex-
cept that 160 testcrosses were evaluated in C10 and 112 test-
crosses were evaluated in Cll. The primary trait selected has
been grain yield, with selection for less grain moisture at har-
vest and resistance to root and stalk lodging. Beginning with
C9, superior progenies were selected by using a selection index
weighted by the heritabilities of grain yield, grain moisture,
root lodging, and stalk lodging (Smith et al., 1981a,b).
In the 1987 breeding nursery, a population diallel was pro-
duced among CO, C4, C7, C9, and Cll of BSSS(R) and
BSCBI(R). In addition, the C8 and C10 interpopulation crosses
were produced. Seed was also produced of CO, C4, C7, C8,
C9, C10, and Cll of the BSSS(R) and BSCBI(R) populations
per se, populations per se selfed, and testcrosses of the pop-
ulations to inbreds B73 and Mo17. Selfed seed of the CO, C4,
C7, C8, C9, C10, and Cll interpopulation crosses was pro-
duced in the 1988 nursery. The populations per se, populations
per se selfed, and interpopulation crosses selfed were each
produced by sampling approximately 100 plants, The popu-
lation crosses were produced by reciprocally crossing 50 plants
from each population. Testcrosses to the inbreds were pro-
duced by sampling 50 plants as males or females from the
populations.
Experimental Procedures and Data Collection
The noninbred (So) and inbred (S~) genotypes were evalu-
ated in separate experiments grown at four Iowa locations (Ames,
Ankeny, Martinsburg, and Clarence) in 1988 and 1989. Data
were not obtained from the Clarence location in 1989 because
Abbreviations: BSCB1, Iowa Corn Borer Synthetic no. 1; BSSS,
Iowa Stiff Stalk Synthetic, Cn, nth cycle of selection; RRS, re-
ciprocal recurrent selection. **, Significant at the 0.01 probability
level.
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of residual herbicide damage. The entries included in the non-
inbred experiment were the 47 population crosses, 14 popu-
lations per se, 28 testcrosses, 14 checks and duplicate entries
of the BSSS(R)C0 and BSCBI(R)C0 populations per se 
the CO, C4, C7, C9, and Cll interpopulation crosses for a
total of 110 entries. These entries were evaluated in a 10 x
11 triple rectangular-lattice design. The entries in the inbred
experiment were the 14 populations per se selfed in 1988 and
the 14 populations per se selfed plus the seven interpopulation
crosses selfed in 1989. The inbred entries were evaluated in a
randomized complete-block design with three replications.
Plots were two rows 5.49 m long with 0.76 m between rows.
All plots were overplanted and thinned to a uniform stand.
Stand density was ~62 190 plants ha-1 for the 1988 experi-
ments and 52 600 plants ha-1 for the 1989 experiments. All
experiments were machine-planted and harvested with no
gleaning. Data for grain yield (Mg ha-1 at 155 g kg-1 grain
moisture), grain moisture (g kg-~), stand (plants -1) st alk
lodging (percentage of plants broken at or below the ear node),
and root lodging (percentage of plants inclined more than 30°
from vertical) were collected from seven environments. Ear
heig.ht (cm) and plant height (cm) were obtained from 
enwronments. Ear and plant heights were calculated as the
average of measurements for 10 competitive plants per plot
and measured as the distance from the soil surface to the high-
est ear-bearing node (ear height) or the node of the flag leaf
(plant height). Days to 50% silk emergence and pollen shed
were recorded at the Ames location in 1988 and 1989.
Statistical Methods
The analyses of variance for individual environments of the
noninbred experiment were calculated according to the analysis
for a rectangular lattice. Means adjusted for lattice block ef-
fects were used to calculate the combined analysis of variance
over environments (year-location combination). Analyses 
variance for a randomized complete-block design were calcu-
lated for each experiment and combined across environments
for the inbred experiments. All main effects in both models
were considered fixed, except environments. The genotype x
environment interaction mean squares were used in all tests of
significance among entries. Only the following data are re-
ported here from the noninbred study; BSSS(R) and BSCBI(R)
populations per se; BSSS(R) x BSCBI(R) interpopulation
crosses; BSSS(R)C0 x BSSS(R), BSSS(R)C0 × BSCBI(R),
BSCBI(R)C0 × BSCBI(R), and BSCBI(R)C0 x BSSS(R)
population crosses; and testcrosses of BSSS(R) and BSCBI(R)
to the inbreds B73 and Mo17.
The populations per se and population crosses were sepa-
rated into three regression groups based on common CO geno-
types. The three groups were the BSSS(R) populations per 
and BSSS(R)C0 × BSSS(R) population crosses; the BSCBI(R)
populations per se and BSCBI(R)C0 × BSCBI(R) population
crosses; and the BSSS(R) x BSCBI(R), BSSS(R)C0 
BSCBI(R), and BSCBI(R)C0 x BSSS(R) population crosses.
The sums of squares for each group were partitioned in a man-
ner similar to the procedure of Eberhart (1964). This analysis
allowed us to fit the regression lines through the common CO
intercept. Because the CO and some of the interpopulation crosses
of each group had twice as many observations as the other
cycles, weighted least squares were used there the weights
were the reciprocals of the variances of the cycle means. Stan-
dard errors of the regression coefficients were obtained by
taking the square root of the appropriate diagonal element of
the (X’W-~X)-~ matrix, where W is a matrix with the vari-
ances of the cycle means on the diagonal and zeros on the off
diagonal. The sums of squares for the four testcross groups,
the populations per se selfed, and the interpopulation crosses
selfed were partitioned by using standard polynomial regres-
sion procedures. The linear regression coefficients obtained
from regression models with only the linear effect were used
as estimates of the average rates of response per cycle. Per-
centage of response per cycle was calculatecl as the ratio of
the linear regression coefficient to the intercept multiplied by
100.
Estimates of inbreeding depression in absolute units were
calculated as the noninbred (So) minus the inbred (S~) gener-
ation means. Standard errors of inbreeding depression in ab-
solute units were calculated as the square root of the sum of
the variance of inbred and noninbred generation means (Lamkey
and Smith, 1987). Midparent heterosis was calculated as the
difference between the mean of a population cross and the
average of the two parents. The standard error of midparent
heterosis was calculated as the square root of 1.5 times the
variance of an entry mean.
RESULTS AND DISCUSSION
The average grain yield across all environments was
5.46 Mg ha-~ for the So experiments and 3.05 Mg ha-1
for the S1 experiments. The mean grain yields ranged
from 3.13 to 8.39 Mg ha-1 for the So experiments and
from 1.90 to 5.47 Mg ha-1 for the the S~ experiments.
Mean grain yields of two single-cross checks, B73 x
Mo17 and B84 x Mo17, were 7.50 and 8.47 Mg ha-1,
respectively.
Quadratic effects for grain yield were significant only
for the BSSS(R) x Mo17 testcrosses and the $1 gener-
ation of the interpopulation crosses (Table 1), but the
quadratic sums of squares in both instances were less
than 15% of the linear sum of squares. Grain yield of
the So generation of BSCBI(R) and BSSS(R) 
BSCBI(R) and the S~ generation of BSSS(R) improved
significantly. Grain yield did not change significantly for
the So generation of BSSS(R) and the S~ generation 
BSCBI(R).
Reciprocal recurrent selection was effective for im-
proving grain yield of the interpopulation crosses. After
11 cycles of selection, grain yield in the interpopulation
crosses increased 6.95% cycle -~. Mean grain yield of
the So generation of BSSS(R)Cll x BSCB1(R)C11 
= 80 and 90% of mean grain yields of single-cross checks
B84 × Mo17 and B73 × Mo17, respectively. A greater
response in the interpopulation crosses than in the pop-
ulations per se has been observed for all studies of RRS
in BSSS(R) and BSCBI(R), but the magnitudes of 
sponse have not been the same. Smith (1983) evaluated
the response for two intervals (CO to C4 and C4 to C8).
Responses for grain yield of the interpopulation cross
were 0.25 Mg ha -1 cycle -1 for CO ro C4 and 0.36 Mg
ha-x cycle-~ for C4 to C8. These responses were greater
than the 0.12 Mg ha-1 cycle -1 reported by Penny and
Eberhart (1971) and the 0.18 Mg -1 cycle -~ re ported
by Martin and Hallauer (1980), but similar to the 0.27
Mg ha-1 cycle -~ estimated by Eberhart et al. (1973).
The greater rate of response in Smith’s study was inter-
preted as being the result of machine-harvesting with no
gleaning, whereas the trials in the studies of Penny and
Eberhart (1971) and Martin and Hallauer (1980) 
hand-harvested. Our results agree with those of Smith
(1983) and Eberhart et al. (1973).
There were no further improvements in the mean grain
yield of the interpopulation cross or the populations per
se after C9 (Table 1). There is no obvious reason for the
lack of response. The change from reciprocal half-sib
selection to reciprocal full-sib selection after C9 may
have been a contributing factor. Although the genetic
variance among full-sib progenies was expected to be
KEERATIN1JAKAL & LAMKEY: RECIPROCAL RECURRENT SELECTION IN MAIZE 75
Table 1. Means across seven environments and least square estimates of response to reciprocal recurrent selection for grain yield
of BSSS(R) and BSCBI(R) maize populations cros sesA"
Regression
Cycle of selection coefficients§
Entry CO C4 C7 C8 C9 C10 Cll SE:~ bo be bq
So populations
Mg ha-~
Per se and crosses
BSSS(R) 3.55¶ 3.76 4.24 4.34 4.25 3.98 3.92
BSCBI(R) 3.21¶ 3.16 3.61 3.30 3.87 3.59 3.76
BSSS(R) x BSCBI(R) 4.24¶ 4.94¶ 6.08¶ 6.59 6.94¶ 6.84 6.76¶
Testcrosses
BSSS(R) x BSSS(R)C0 3.55¶ 4.00 4.54 --# 4.92 -- 4.84
BSSS(R) x BSCBI(R)C0 4.24¶ 4.16 5.10 - 5.20 -- 5.51
BSCBI(R) × BSCBI(R)C0 3.21¶ 3.48 4.14 -- 4.92 -- 4.81
BSCBI(R) x BSSS(R)C0 4.24¶ 4.37 4.96 -- 5.50 -- 5.86
BSSS(R) x B73 5.63 5.80 6.98 6.53 6.96 6.31 6.71
BSSS(R) x Mo17 5.61 6.25 7.00 7.20 7.57 6.99 6.92
BSCBI(R) × B73 6.19 6.37 7.05 7.33 7.40 7.59 7.91
BSCBI(R) x Mo17 4.99 5.27 5.96 6.07 6.44 6.67 6.99
S~ populations
0.24 3.61 0.06 +- 0.02
3.09 0.06 +- 0.02*
4.03 0.28 - 0.02**
3.61 0.13 -+ 0.02*
4.03 0.13 -+ 0.02**
3.09 0.17 -+ 0.02**
4.03 0.15 -+ 0.02**
5.67 0.11 -+ 0.03**
5.76 0.15 -+ 0.03**
6.00 0.16 -+ 0.03**
4.77 0.18 +- 0.03**
BSSS(R)~’~" 2.40 2.88 2.83 3.34 3.39 3.22 3.28 0.17 2.46 0.08 -+ 0.02** --
BSCBI(R)~’~" 2.55 2.83 2.52 2.62 2.74 2.92 2.80 2.57 0.02 -+ 0.02 --
BSSS(R) x BSCBI(R)~’t 3.41 4.40 5.13 5.39 5.38 5.47 5.09 0.21 3.63 0.18 -+ 0.02** **
*,** Significant at the 0.05 and 0.01 probability levels, respectively.
Check means, in Mg ha-~: B73 × Mo17 = 7.50; B84 × Mo17 = 8.47; and B89 x Mo17 = 7.49.
Standard error of mean of duplicate entries is SE/~/2.
bo is an estimate of CO mean; be is an estimate of the average rate of response per cycle; bq is included to indicate when the quadratic term
accounted for a significant proportion of deviation sums of squares.
Mean of duplicate entries.
# Entry not evaluated.
~’~" Means across three environments in 1989.
greater than that of half-sib progenies, the genetic vari-
ance among the C10 full-sib progenies was smaller than
the variance among progenies from previous cycles (un-
published data, Annual Report of Cooperative Federal-
State Corn Breeding Investigation, Ames, IA, 1982). To
reduce the cumulative effects of genetic drift and to slow
the rate of allelic fixation, 20 rather than 10 lines were
intermated to form C9, C10, and Cll populations. The
20 lines were selected from 100 progenies (20%) in C9,
160 progenies (12.5%) in C10, and 112 progenies (17.9%)
in Cll of selection (Lamkey et al., 1991). The change
to intermating 20 lines reduced the selection intensity,
which would decrease the rate of progress from selec-
tion.
The average rates of response for the testcrosses with
the CO populations were significant in all instances for
grain yield (Table 1). As expected, the rates of response
were approximately half of those observed in the So gen-
eration of the interpopulation cross. The rates of re-
sponse were similar for all four groups of testcrosses and
ranged from 3.23 to 5.50% cycle -1 of the base popula-
tion means.
The improvement for grain yield in testcrosses of
BSSS(R) and BSCBI(R) to their original parents 
indicates that the frequency of favorable alleles for grain
yield has increased. However, the responses observed in
the populations per se were significantly less than those
observed in the testcrosses (Table 1). This was most
likely the result of random genetic drift arising from
intermating 10 lines in the first eight cycles and 20 lines
in the last three cycles. The estimated inbreeding level
in each Cll population was at least 37% (calculated
using the method given by Lamkey, 1992, and is a min-
imum estimate). Smith (1983) and Helms et al. (1989)
reported significant inbreeding depression due to random
genetic drift in BSSS(R) and BSCBI(R).
Significant increases in grain yield were observed in
the testcrosses of BSSS(R) and BSCBI(R) to the inbred
testers B73 and Mo17 (Table 1). The quadratic response
in BSSS(R) x Mo17 reflects the rapid increase in grain
yield from CO to C9 followed by a slight decrease from
C9 to Cll. As with the testcrosses of populations with
CO populations, differences among rates of responses of
the population testcrosses with inbred testers were not
significant. The greatest mean grain yield of the popu-
lations testcrossed to the inbreds was observed for
BSCBI(R)Cll × B73 (7.91 Mg ha-l), which was greater
than for the single-cross check B73 × Mo17 (7.50 Mg
ha-~), but less than for B84 × Mo17 (8.47 Mg ha-~).
The results from testcrosses to the inbred lines indicate
that selection has increased the frequency of favorable
alleles at loci complementary to the inbreds. The im-
provement in grain yield of the crosses of BSSS(R) and
BSCBI(R) with the CO populations and the inbreds from
different heterotic groups suggests that RRS was effec-
tive for improving the general as well as specific com-
bining ability of populations per se. The difference between
the rates of response for grain yield of populations test-
crossed to inbred lines from the Lancaster Sure Crop and
Reid Yellow Dent heterotic groups was not significant
for either population.
A reduction in percentage of stalk lodging was ob-
served for the So and S~ generations of all populations
per se and testcrosses of the populations to the CO pop-
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Table 2. Least squares responses to selection and percentage response per cycle (in parentheses) for seven agronomic traits after
11 cycles of reciprocal recurrent selection in BSSS(R) and BSCBI(R) maize populations.
Traits
Grain
Lodging Height Data
Populations Moisture Root Stalk Ear Plant Silking Pollen
g kg-1 % cm d after planting --
So populations
Per se and Crosses
BSSS(R) 0.0 (0.00) -0.37* (-5.65) -0.58* (-2.83) -0.80"* (-0.71) -0.05 
BSCBI(R) 0.2 (0.11) -0.72* (-5.58) -3.12"* (-7.57) -0.82** (-0.78) -0.27** (-0.13)
BSSS(R) 0.6* (0.32) - 0.22 (- 2.32) - 1.52"* (- 5.12) 0.37** (0.33) 1.69"* (0.78)
× BSCBI(R)
Testcrosses
BSSS(R) × 0.3** (0.14) -0.10 (-1.53) -0.40 (-1.95) -0.01 (-0.01) 0.46* (0.21)
BSSS(R) 
BSSS(R) x -0.0 (0.00) -0.27 (-2.85) -0.51"* (-1.72) -0.04 (-0.04) 0.91"* (0.42)
BSCBI(R)C0
BSCBI(R) x 0.0 (0.00) -0.42 (- 3.25) - 1.45"* (-3.52) 0.20 (0.19) 1.15"* (0.56)
BSCBI(R)C0
BSCBI(R) 0.3 (0.16) -0.37 (-3.90) -1.22"* (-4.11) 0.36** (0.32) 1.02"* (0.47)
BSSS(R)C0
BSSS(R) x 0.3 (0.15) -0.01 (-0.21) -0.26 (-1.52) 0.04 (0.03) 0.01 (0.00)
B73
BSSS(R) 1.2"* (0.61) -0.05 (-0.93) -0.31 (-2.41) 0.12 (0.10) 0.63* (0.29)
Mo17
BSCBI(R) × 0.3 (0.16) 0.07 (0.79) -0.98** (-4.96) 0.15 (0.13) 0.79** (0.35)
B73
BSCBI(R) × -0.6 (-0.32)-0.16 (-2.03)-0.47* (-2.52) 0.38 (0.35) 0.52* (0.24)
Mo17
-0.35** (-0.39) -0.14" (-0.17)
0.12"* (0.14) 0.27** (0.34)
-0.24** (-0.28) -0.02 (-0.02)
-0.24** (-0.27) -0.14"* (-0.17)
-0.37** (-0.43) -0.17"* (-0.21)
-0.06 (-0.07) 0.05 (0.o6)
-0.01 (-0.01) 0.09** (0.11)
-0.31"* (-0.36) -0.14"* (-0.17)
-0.24** (-0.28) -0.03 (-0.04)
0.03 (0.04) 0.11" (0.14)
-0.08 (-0.09) 0.02 (0.02)
$1 populations
BSSS(R) 0.4 (0.19) -0.22 (-4.50) -0.46* (-4.18) -0.21 (-0.24) 0.94** (0.53) -0.24** (-0.27) -0.14 
BSCBI(R) 0.7 (0.39) -0.25 (-2.87) -2.05** (-8.45) -0.72** (-0.85) -0.65* (-0.37) 0.08 (0.09) 
BSSS(R) 1.5"* (0.77) -0.49, (-4.01) -0.92** (-6.21) 0.61" (0.64) 1.90"* (0.98) (-O.O6) 0.18"* (0.21)
BSCBI(R)
*,** Significant at the 0.05 and 0.01 probability levels, respectively.
ulations and inbred testers (Table 2). The average rate
of response per cycle was significant in all instances,
except BSSS(R) × BSSS(R)C0 and testcrosses 
BSSS(R) to B73 and Mo17. A quadratic trend was ob-
served in the So generation of the interpopulation cross.
For both the So and $1 generations, the rate of direct
response for stalk lodging, expressed as a percentage of
the intercept, was intermediate to that of indirect re-
sponses (Table 2). In general, the mean percentage 
stalk lodging for populations per se and interpopulation
crosses in $1 generation was approximately half that in
the So generation.
Selection was effective in decreasing stalk lodging in
BSCBI(R). Stalk lodging in BSCBI(R) decreased 
40.4 to 9.7% from CO to Cll. The rate of response in
BSCBI(R) for stalk lodging was greater than observed
in BSSS(R). The greater response was also reflected 
the testcrosses of BSCBI(R). Stalk lodging in BSSS(R)
and BSSS(R) × BSCBI(R), however, did not show 
decrease until after C4, and although BSCBI(R) showed
a decrease in stalk lodging from CO to C4, the greatest
decrease occurred after C4. This may have resulted from
the change in selection criteria from hand-harvested to
machine-harvested yield. The screening of $1 plants be-
fore making testcrosses also may have increased re-
sponse to selection for stalk lodging.
Grain moisture remained unchanged for BSSS(R) and
BSCBI(R) populations per se and increased slightly for
the So and $1 generations of the insterpopulation cross
(Table 2). Little or no change in grain moisture was
observed for the testcrosses of the populations to the CO
populations and inbred testers. This lack of change in
grain moisture at harvest has been one of the objectives
of selection. Percentage root lodging decreased for the
So and S1 generations of all populations and testcrosses
of the population to the CO populations and inbred testers
(Table 2); however, the decrease was significant only
for the So generation of BSSS(R) and BSCBI(R). 
mean percentage of root lodging for the So generation of
BSSS(R)Cll was 0.2%, which was lower than the av-
erage root lodging (5.6%) of the three single-cross checks.
Ear height of the So and S1 generations increased in
the interpopulation cross, but decreased in the popula-
tions per se (Table 2). Plant height also increased in the
So and $1 generations of the interpopulation cross in the
(Table 2). The rate of increase in ear and plant height 
$1 generation of interpopulation cross was greater than
than in the So generation.
Silking and pollen dates increased in BSCBI(R) and
decreased in BSSS(R) for both generations (Table 
Silking data also decreased significantly in the So gen-
eration of the interpopulation cross. There was a qua-
dratic trend for silking and pollen dates in BSCBI(R)
and for pollen date in BSSS(R). Silking and pollen dates
increased in BSCBI(R) from CO to C4, followed by 
gradual decrease after C4. A rapid decrease in silking
and pollen dates from CO to C4, followed by slight de-
crease after C4, was observed in the So generation of
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Table 3. Inbreeding depression for grain yield of the BSSS(R)
and BSCBl(R) maize poplatipns and their interpopulation
crosses and tnidparent heterosis for the interpopulation cross
for 11 cycles of reciprocal recurrent selection.
Inbreeding depression
Cycle of ———————————————————————————
selection BSSS(R) BSSS(R) x BSCBl(R)t BSCBl(R) Heterosis
CO
C4
C7
C8
C9
CIO
Cll
1.15**
0.88**
1.41**
1.00**
0.86**
0.76*
0.64*
1
1.01*
0.92*
1.62*
2.11*
2.31*
2.31*
2.32*'
Mg ha-1
* 0.66**
0.33
1.09**
0.68*
1.13**
0.67*
* 0.96**
0.86**
1.48**
2.16**
2.77**
2.88**
3.06**
2.92**
*,** Significant at the 0.05 and 0.01 probability levels, respectively.
t Data from three environments in 1989.
BSSS(R). There was a 6-d difference between BSSS(R)CO
and BSCB1(R)CO for both silking and pollen dates, but
C4 silking and pollen dates were similar for the S0 gen-
eration of BSSS(R) and BSCBl(R). The change in pol-
len date for the S0 generation of the interpopulation cross
was not significant. The changes in silking and pollen
dates in populations per se were the result of selection
of plants in each population to produce the testcrosses.
Midparent heterosis for grain yield in the interpopu-
lation crosses increased 0.22** Mg ha-1 cycle-1, or ex-
pressed as a percentage of midparent, increased from
25.44 to 76.04% after 11 cycles of selection (Table 3).
The increase in heterosis was primarily a result of the
increase in grain yield of the interpopulation cross.
Inbreeding depression for grain yield in actual units
for BSSS(R) decreased from 1.15 to 0.64 Mg ha-1 from
CO to Cll (Table 3); however, inbreeding depression in
BSCBl(R) showed an inconsistent trend. Inbreeding
depression in the interpopulation cross increased 0.15**
Mg ha-1 cycle-1, from 1.01 to 2.31 Mg ha-1 from CO
to C9 with no further increase for CIO and Cll. The
most likely explanation for the increased inbreeding
depression and heterosis is that selection has been for
alleles at complementary loci in each population. A di-
vergence in the frequency of favorable alleles between
the parental populations may also have been caused by
genetic drift.
Our results indicate that RRS was effective for im-
proving grain yield and other important agronomic traits
in the interpopulation cross between BSSS(R) and
BSCBl(R). Lines extracted from improved populations
could be used in hybrid combination to maximize het-
erotic effects. Reciprocal recurrent selection also im-
proved general as well as specific combining ability of
the populations per se. These results suggest that RRS
should be useful for improving germplasm sources for
extraction of inbred lines for use in applied breeding
programs. The lines extracted from the improved BSSS(R)
populations should combine best with lines from the
Lancaster Sure Crop heterotic group and lines extracted
from improved BSCBl(R) populations should combine
best with lines from the Reid Yellow Dent heterotic group.
